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Patterns and factors of biota distribution in remote European mountain lakes

Cladocera remains from the sediments of remote cold
lakes: a study of 294 lakes across Europe
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Abstract: Sediment cores were taken from 294 lakes in 12 different remote mountain areas in Europe
(from Greenland to Finland in the north and from Spain to Bulgaria in the south) for the analyses of Clado-
cera remains. Surface samples (0 — 0.5 cm) were analysed to examine the contemporary distribution of
Cladocera. These were compared with sub-samples from the pre-industrial period (depth > 15 cm) to assess
changes in species composition over time. In total, the remains of 42 different Cladocera taxa were identi-
fied in the surface sediments. The number of taxa per lake decreased from north to south, which also corre-
sponded to a gradient of increasing altitude. On average, 12 taxa per lake were found in northern regions
(Scotland, North Finland = high-latitude lakes) and ca. 4 taxa in the southern regions (Romania, Bulgaria,
Slovenia. Austria = high-altitude lakes). The most common taxa, occurring in the majority of lakes, were
Alona affinis, Chydorus sphaericus, Daphnia longispina gr., Alona quadrangularis and Acroperus harpae.
Most other species were also widely distributed across several of the lake districts, suggesting that all cold
water lakes in Europe are equally favourable habitats for cladocerans. Eurycercus glacialis and Eubosmina
longispina were the most abundant species restricted to specific regions, the former to Greenland and the
latter to Northern Finland. Multivariate statistical analyses showed that the taxa assemblages were primari-
ly determined by biogeographical factors. Dispersal limitations at high altitudes may be the most important
factor for the differences in species diversity among districts. Physical, chemical and trophic conditions
appeared to explain little of the variation independent of geographical location, though the potential role of
fish predation is discussed. Comparisons between the top and the bottom section of the sediment cores
revealed similar taxa numbers. but most cores, although only marginally, differed in taxa assemblage.
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Introduction

High-mountain and high-latitude lakes above the tree-line generally share a number common
characteristics. Most of them are small and rather shallow, normally between 10 and 15 m
deep, although some of them can be deeper than 100 m. These are systems whose function-
ing is highly influenced by physical variables such as light, temperature and duration of ice
cover (AGUSTI-PANAREDA & THOMPSON, 2002). Winter is long and the water bodies are ice
covered for several months and experience relatively low light penetration, a short open
water season and low food supply. In most lakes, nutrient concentration and thus primary
productivity are low. The limited taxa are organised in relatively simple food webs (GLIWICZ,
2003) and are highly sensitive to environmental change (WRONA et al., 2005). In this
demanding environment, aquatic invertebrate communities can be stable and abundant.

Cladocera (Crustacea: Branchiopoda) are a major component of the planktonic and benth-
ic crustacean fauna in high-latitude and high-altitude lakes (RauTio, 2001; O’BRIEN et al.,
2004; BIGLER et al., 2006; ToLOTTI et al., 2006). They are tolerant to extreme environmental
conditions and are one of few aquatic animal groups that are able to persist in remote lakes
and build up viable populations. They include the primary herbivores in lakes and contribute
to maintaining a low phytoplankton biomass, but they also play an important role in recycling
nutrients in the water column. In addition, they form a large proportion of the diet of plank-
tivorous fish and invertebrates. Their distribution, species numbers and abundance can vary
substantially among lakes and reflect both the geological history of the area and the present-
day conditions in the water body (CARTER et al., 1980; SHURIN et al., 2000). Most high-alti-
tude and high-latitude lakes have been intensively affected by cold climate in the past. As
recently as 8,000 — 20,000 years ago many were covered with glaciers in the form of ice
sheets (northern Europe) or mountain glaciers (the Pyrenees, the Alps and the Tatras). Others
(in south-east Europe - the Rila and the Retezat Mountains) were located on the edge of per-
manent ice cover where low temperatures prevailed and extended areas were covered with
snow and ice for prolonged periods. While contemporary distributions of cladocerans may
potentially reflect the species present during the pre-glacial period, they may also be highly
affected by or entirely determined by more recent secondary colonisation.

Understanding cold arctic and alpine lakes is a major theme in current limnology, and
recent studies have examined the influence of climate change and other anthropogenic
impacts on lake biota and productivity (BATTARBEE, 1986; LOTTER et al., 1997; BATTARBEE et
al., 2002; KorHoLA et al., 2002); however few extensive surveys of species composition have
been undertaken. This study aims to describe the variations in community structure of clado-
cerans along a pan-European gradient of cold remote lakes based on analyses of sub-fossil
remains recovered from the sediments. Physical and chemical variables from the lakes and
their catchments, as well as trophic indicators, were used to select those important for struc-
turing cladoceran communities and explaining taxa distribution for different lakes and
regions. In addition, Cladocera communities of the pre-industrial period were reconstructed
from sub-fossil remains deposited in deeper sediment, allowing a comparison with the pres-
ent-day situation.
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Materials and methods

Sampling and sample preparation

Sediment cores were collected at the deepest point in 294 remote lakes in 12 different areas (= lake dis-
tricts) all over Europe (Greenland: 13 lakes, Finland — the Lapland province: 34 lakes, Central Norway:
19 lakes, Scotland: 29 lakes, Slovakia and Poland — the Tatra Mountains: 38 lakes, Austria — the Tyrol
Alps: 29 lakes, Slovenia — the Julian Alps: 13 lakes, Italy and Switzerland — the Piemont-Ticino: 28
lakes and the Central Swiss Alps: 11 lakes, Spain and France — the Pyrenees: 68 lakes, Romania — the
Retezet Mountains: 4 lakes, Bulgaria — the Rila Mountains: 8 lakes) (Fig. 1). The lakes surveyed were
situated above or at the local tree line (KERNAN et al., 2009). The mean altitude of the selected lake dis-
tricts decreased towards the north (Fig. 2). Some slight deviation from this pattern occurred in Scotland
and Greenland lakes where the observed altitudes were slightly below the altitude-latitude regression
line.

From each sediment core the topmost sample (0 — 0.5 cm, representing the present-day period) and
a sample from lower down, the ‘bottom’ (15 — 17 cm, representing the pre-industrial period) were used
for qualitative analyses of Cladocera remains. An average sedimentation rate of 0.1 mm per year was
assumed and analysis of spheroid carbonaceous particles (SCP) from each of 294 lakes was used to
confirm that the bottom samples pre-dated the onset of industrialisation (Rosg, 2001).
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Fig. 1. Geographical position of the lake districts studied within the EMERGE project (CA - the Cen-
tral Swiss Alps, CN — Central Norway, JA — the Julian Alps, NF — North Finland, PT — the Piedmont-
Ticino, PY - the Pyrenees, RE — the Retezet Mountains; RI — the Rila Mountains, SC - Scotland, TA —
the Tatra Mountains, TY- the Tyrolean Alps, SS - Greenland).








































































